FEEE   EXPANSION   OF   GASES
The values of JK and PV for the three gases in the circumstances of the experiments are as follows :
For atmospheric air JK = 1390 x .238 = 331 ; For carbonic acid JK = 1390 x .217 = 301 ; For hydrogen           JK = 1390 x 3.4046 = 4732 ;
and for atmospheric air,
at 15° Cent. PV = 26224 (1 + 15 x .00366) = 27663 ; for carbonic acid,
at 10° Cent. PV = 17154 (1 + 10 x .00366) = 17782 ; for hydrogen,
at 10° Cent. PV = 378960 (1 + 10 x .00367) = 393000.
Hence we have, for air and carbonic acid,
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where X denotes .0024 for air, and .013 for carbonic acid, showing (since these values of \ are positive) that in the case of each of these gases more heat is evolved in compressing it than the equivalent of the work spent (a conclusion that would hold for hydrogen even if no cooling effect, or a heating effect less than a certain limit, were observed for it in our form of experiment). To find the proportion which this excess bears to the whole heat evolved, or to the thermal equivalent of the work spent in the compression, we may use the expression
as approximately equal to the mechanical value of either of those energies ; and we thus find for the proportionate excess ;
P'                P — P'
-p = .0024-------p for air,
or                                          = .013 ——p- for carbonic acid.
59deviation from Boyle's law to which these gases are subject ; but it exceeds the whole work of expansion in the case of hydrogen, which presents a contrary deviation ; since P'V, the work which a pound of air must do to escape against the atmospheric pressure, is, for the two former gases, rather greater, and for hydrogen rather less, than PV, which is the work clone on it in pushing it through the spiral up to the plug. In any case, w denoting the whole work of expansion, w— -(P'V— PV) will be the work actually spent in friction within the plug ; and
